Since the primary sequence of bacteriorhodopsin has been established by Ovchinnikov et al. (2) and Gerber et al. (3) , it is possible now to gain more information on the role of specific amino acid residues in proton translocation. Chemical modification of amino acids is a particularly promising approach to the problem because bacteriorhodopsin is the only protein component in the purple membrane and because the activity of these preparations is stable (4, 5) .
We report here the effect of treating purple membranes with two reagents which modify arginine residues and three carbodiimide reagents which modify carboxylic acid groups. In both cases, proton release in the early stages of the photocycle is slightly affected, but marked inhibition of the reprotonation phase occurs, leading to large increases in the amount of the M4l2 species seen in the photos~ationary state.
The results suggest an essential role of the positively charged guanidinium group of arginine and negatively charged carboxyl containing 1 residues of bact~riorhodopsinin the decay of the M412 species of the photoreaction cycle at the inner surface of the purple membrane, where proton uptake from the intracellular space occurs. These two types of amino acids may be acting jointly to maintain structure or interacting via their opposite charges to catalyze proton translocation by bacteri orhodops in.
MATERIAL AND METHODS
Purple membranes were purified by a modification of (6) from Halobacterium halobium strain S-9 cells grown according to (7) . Purple membranes (0.3 -0.9 mg bacteriorhodopsin/ml suspension) were treated with 2,3-butanedione (Aldrich Chemical Co.) in 50 mM borate buffer, pH 8.2
with 133-200 mM of reagent for 3 hr at 37° C (8, 9, 10) . Modification with phenylglyoxa1 (3-12 mM) was in 100 mt1 bicarbonate buffer at pH 8, 25° C with 0.4 -0.9 mg bacte~iorhodopsin/ml purple membrane suspension (11, 12) .
Quantitation of the extent of reaction of arginine and other amino acids was according to (13) ; the f1uorescamine method (14) was also used for· assaying free amino groups. in 100 mM MES buffer, pH 5.6, with 50 mM of reagent for 24 hours at 25° C. Carbodiimide solutions were prepared in 100 mM MES, pH 5.6 immediately prior to u·se. Glycine methyl ester hydrochloride was prepared in 100 mM MES buffer and adjusted with NaOH to pH 5.6. Final concentration of glycine methyl ester in reaction mixture was 0.50 M; After reaction, purple membrane samples were diluted 10-fold with cold distilled water and centrifuged at 100,000 x g for 30 minutes; the supernatant was discarded and the procedure repeated twice and the samples resuspended in distilled water.
Spectrophotometric, fluorometric and flash-photolysis (16) assays were made atO. 1 -0.2 mg protein per ml. Protein assays were either by the method of (17) with crystalline bovine serum albumin as standard or on the 570 nm chromophore, the photoreaction cycle, and upon other struc-, tura1 parameters was analyzed. Table I 100 (3) 90 (4) Rise (t 1 in llsec) '2 45.4 (10) 74 (11 ) 35 (3) 97.2 (6) 412 nm Photointermediate Phase of Decaya Initial Second (tli n msec) '2 0.86 (9) 34.6 (10) 0.78 (3) 32 (6) 5.4 (9) 174 (10) 5.03 (4) 159 (6) Parentheses indicate the number of samples averaged for calculation.
Photostationary Steady State
Absorbance (%) 100 (4) 1922 (2)b 100 (4) 590 (2) aInitial phase was calculated by subtracting the second slower phase extrapolated to the ordinate. 
